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N-myc gene amplification U ihn ixxwt ch«rccceri9Ttc feeturc neuroblaatoma, c-myc oncogene t another 
mBznber of myc genc fdmily . p!a/3 an- imporUnt role in cell proliferttion and differentiation. Both of them 
may contribute to tuxnorigcnesiA of neuroblastoma. In this study wc use the in situ hybridwtion vid im- 
munocytochemical methods to teat the frequencies of N-myc and c**jnyc expressions in 20 cases of human 
neuroblastoma at mRNA and protein levels. The .positive races of the cxpiesdon of N-myc are 90% oind 
100)^ detected by in situ hybridltacton and ijcnmuaocytochemicai methods respectively. The positive ratss of 
c-myc are 803^ and 85^ respectively. Sixty percent of the 20 specimens tested by in situ hybridisation and 
55$^ by immunocytocKcxnbtry ahow an inverse relationship between the cxpreaaion^ of these two oncoeaoes 
and this may indicate that there art different gene expression controlling mechanisms in different cases. 
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INTRODUCTION 

Neuroblastoma originates from the sytnpathoad- 
renal lineage of the neural crest and it is the most com- 
mon extra^craniat tumor of childhood (1), Despite db- 
tinct improvement in treatment of this tumor , children 
with advanced-stage disease atill have a poor prognosis. 
Recent cytogenetic and molecular biological studies have 
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led CO a better understanding of this tumor. N-myc gene 
amplificaticn and ovcr-cxprcssion are the most charac- 
teristic feature of neuroblastoma > which closiely correlate 
with clinicd outcome {• 2)* c-myc oncogene is another 
member of the myc gene fantxily , which plays an impor- 
tant role in cell proliferation «nd differentiation , and it 
can also induce cell apoptosis C 3 > . Both N-myc and c- 
mjrc oncogenes may contribute to tumorigenesis of neu- 
robtastoma* In this study r we use both tn suti hybridisa- 
tion and imraiinocytocheinical methods to detect the ex- 
pressions of these two oncogenes in neuroblastoma at 
mRNA and protein levels* and try to find some clues of 
the relationship between the expressions of these two 
oncogenes. 

MATERIALS AND METHODS 

Tissue preparaiion. The formalin- fixed t paraffin- 
embedded surgically resected neuroblastoma, tissues ob- 
tained from 20 patients were collected from the Depart- 
ment of Pathology , Beijing Children'k Hospital Tissues 
were cut into 5 ixm thick sections and mounted on poly- 
L-lysine-coated slides. 

Cell lines. The cell line IMR-32/NGFjR, which was 
derived frotn human neuroblastoma eel! line IMR«32 by 
transfecting with recombinant NGFR retroviraJ vector, 
was used as positive control for N-myc .since it had been 
proved to have over-expression of N-myc oncogene(4). 
Human pancreatic carcinoma ceB Lnc PC-2 was estab- . 
lished in our department and served as positive control 
for c-myc, since it had a high escpression of c-myc(5). 

Probes, Plasmids containing N-myc and c-myc cD- 
NA fragments C I. Okb both) were kindly provided by 
Dr, A. H. Ross from USA. The probes w^e labeled 
by the random primed labeling method using a DIG 
DNA LabeKng and Detection Kit ( Soehringer 
^flennheim)> 

In situ hybrtdtxationiS), Tissue secrions were de- ■ 
paraffinieed in xylene, rehydrated through a graded 
ethanoU rinsed in PBS and treated with proteinase K 
nun at SyC). The slides were then re- 
fixed in 4 paraformaldehyde solution for 5 min* rinsed 
in PBS I and covered with hybridization solution contain- 
ing 1 ng/^tl heat-denatured probe > 50% fortnamidei 
0.5% SDS( sodium dodecyl sulphate )t 100 pg/ml 
sheared salmon sperm DNA, S X SSC <1 X SSC was 
composed of 150 mmd/L NaCl and 15 mmol/L sodium 
citrate)and 5 X Denhardt's solution. The slides were in- 
cubated overnight at 42 1:. After hybridization ♦ the 
slides were stringently washed as follows i G. 1 9^ SDS > 
2XSSC twice for 10 min at 42*0 ; 50% formamide, 2 
X SSC for 1 0 min at room temperature t twice j 5 0 ?^ *f or- 
mamide^ 0- 5 X SSC for 10 tnin at room temperature. 



twice J 0' 2XSSC for 5 min at room temperature? 0. IX 
SSC for 2 min at room temperature. The slides were 
then visualized using anti-digoxigenin-alklinc phos- 
phatase conjugate and NBT (nitro-blue tetrazolium)/ 
BCIP (5-bromo-4-chloro-3-indolyl phosphate )substrates 
according to the instruction of the kit. 

Antibodies. Rabbit anti-human N-myc polyclonal 
anybody corresponding to amino acid 445-463 mapping 
at the carboxy terminus of human N-myc oncoprotein 
was purchased from santa Crue Inc. tUSA, Mouse anti- 
human c-myc monoclonal antibody corresponding to 
amino acid 408-420 of human c-myc oncoprotein was 
purchased from Novo Inc. i USA. 

Immunocytockemistry. Tissue sections were de- 
paraffini^ed and rehydrated, then covered with endoge- 
neous peroxidase blocking solution for 10 min* rinsed in 
PBSf 10% non-immune serum for 20 min, rinsed in 
PBSf then the primary antibody was applied (the two 
antibodies were all diluted to 1 ^ 50), and incubated 
overnight at 4'C. After rinsing in PBS thoroughly, the 
blot inylaied second antibody was added and left for 10 
min. Then the slides were rinsed in PBS, streptoavidin- 
peroxidflse conjugate solution was applied to the 3lid€9 
and left for 10 min, rinsed in PBS, then visualised with 
a solution containing 0. 05% 3> 3 -diaminobenzidme and 

0. 01% H,Oj, sections can also be counterstained with 
hematoxylin. 

RESULTS 

General ciinicai <md histcpcithoiogical features. The 
mean age of these 20 patients is 2. 2 years, ranging from 
I month to 5 years. The ratio of male and female is 

1. 86j1<13 males and 7 females). The sires of these 20 
tumors are as follows: 8 in retroperitoneal region . 6 in 
adrenal glands* 2 in mediastinum, 1 in anterial region of 
sacrum and 3 from lymph node metastasis- Histological- 
ly , most tumors are composed of small round cells » with 
deep stained nuclei and sc^nt cytoplaam, arranging in 
solid sheets, and hyperplastic blood vessels are promi'^ 
nent between the sheets. Among these tumors, Hower- 
Wright rosettes are found in 8 cases, and neurofihrile 
network is prominent 5 cases. In 3 cases , the foci of 
ganglioneuroma are found. In another one > the tumor 
is composed mainly of ganglioneuroma and only stoall 
foci of . neuroblastoma is found. The latter four patients 
are older than 4 years. 

£xpr0ssiom of N-myc and c-myc omogen^s^ Re- 
sults of the expressions of N-myc and c-myc oncogenes 
detected by the two methods are shown in Table 1. 

The positive signals detected by m situ hybridiza- 
tion are sho^vn as violet or blue deposits located mainly 
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Table L Expressions of N-myc and f^myc (pncngev^es 

m neuroblastoma by in situ hybridizationilSH') 
and immuTiDcytochemicalilCC ) method 
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in nuclei and perinuclear regions due ro scanty cyto- 
plasm of neuroblastoma cells CFig 1) ? chc positive signal* 
of unxnunocjtocheroical detection are brown depwiits lo- 
cdted mainly in nuclei- According to the proportion oi 
positive cells in the tumors ? the dececting results are di- 
vided as follows: ± (positive cells fevv'er than 25?^), + 
(25J^-'50J<),+H-C50%--75K). + + H-(more than 
75 The expression rates of N-mvc and.c-myc are 
W?^ and 80 }^ respectively as detected by in. situ hy- 




Fig 1. TK« positive signals of N-myC oncogene by in siiu * 
hybridization meihod $re viotet-blue deposits locat- 
ing mainly in aucki end p^inucWr r«gion4* 
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bridj«ation method. The immunocytochemical method 
shows the similar results,!, expression rates of N-niyc 
and c-myc are lOOK and 85?^ respectively. There ig no 
significant difference between the positive rates obtained 
by the two methods. 

The relationship between the expressions of the two 
. ortcogeTies* . h was found by in hybridization method 
that 8 out of 20 cases of neuroblastoma which have rela- 
tively strong N-myc expressions < + 4- — -I- + -f- )have 




Fitf 'L Neuroblastoma of case Z sKowg strong N-myc cx- 
pre«sion C A ) but very wedk c-rnyc aTcprssQlonCB). 
(in iz/« hybridization) 

no or only weak c-myc expressions (H-'^ ) (Fig 2A* 

B); whereas 4 cases with strong c-myc expressions ( -h 
4- ^ + '4-4') have no or only very weak N-myc expres' 
sions (Fig SA.B), Immunocytochemical method also 
gives the similar results. Only 20% of the 20 cases de- 
tected by in situ hybridiwtioa and 10% detected by im- 
tnunocytochetnical method ahow both strong cxpres- 
3iQn8<-T" + '^ + H- + )of the two oncogenes. This in- 
verse relationship between the expressions of the two 
oncogenes is shown in Table 2 and Table 3. 

DISCUSSION 

Several genetic features which are the characteris- 
tics of neuroblastoma have been identified, these include 
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Fig 3. Neuroblasroma of ca^ 4 sKcws strong c-myc exp^9- 
flion CA) but very wwk N-myc expression CB). <j7i 
Situ hybndiztiioti^ 

TMe 2* Comparison between tkt strength of expressions 
of the two oncogenes as detected hy in situ 

kybndizazion method 
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TcbU 3, Comparison betxjueen the strength of expressions 
. of eke trJtKi oncogenes as detecud by 
■ ismnunocytochemiccd method 
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hypcrdiploidy, delation of 1 p, and amplification of 
tt)yc oncogene (7— 9), The amplification of iN-myc could, 
be th^ moat important feattire in neurobbetoma eince 
tumors with amplified N-myc tiBually are associated 
ith rapid tumor progression and a poor Ciucoom^. A 
neral correlation between N-myc copy number and 



expression has been shown > but it has been shown that 
a subfitantial number of tumors without N-myc amplifi- 
cation also overexpress this gene (10-12). In this study, 
it waa foand that there were quite high rates of expres- 
sion of N-myc oncogene in these cases, i. e. 90% by in 
situ hybridization method and 1C0% by immunocy- 
tocheraical method- This may indicate that over-expres- 
aion of N-myc may play an important role other than 
gene amplification, since only about 25 X to 30% of the 
children with neuroblastoma have N-myc amplification 
in their tumors. Meanwhile it was also found there was 
a high expression rate of c-myc oncogene in these cases 
by j'n situ bybridi2ation and iipmunocytochemical meth- 
ods* Along with the result of N-myc expression , we be- 
lieve that the two oncogenes may contribute to the tu- 
morigeneeis of neuroblastoma. Although N-myc and c- 
myc can co^express in the same tumor , it is interesting 
to note that SOH of the 20 cases show an inverse rela- 
tionship between the expressions of the two oncogenes 
when we compare the strength of expression of them. 
The cases with strong expressjon of N-myc usually have 
very weak expression of c-myc, and vice v^sa. Studies 
on neuioblastoma-derived cell lines also provide similar 
resuhs <13, 14) » but the mechanism is poorly under- 
stood so far, it may represent the important event in 
gene regulation process controlling cell growth and dif- 
ferentiation. Further studies are needed to clearify the 
relationship between the expressions of these two onco- 
genes. 
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and the Application for Sero-diagnosis of Leprosy 
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Leprosy is remain a major public health problem in 
gox»e developing countries. Because Af. leprae cannot be 
gtown in vitro , purified protein of native antigen is un- 
available. An antigen is a prominent target of the hu- 
moral and ceiluiar immune responses against mycobacte- 
ria and may be useful to the development of novel vac- 
cines and immunodiagnostic reagents. For the develop- 
ment of novel immunodiagnostic reagents, the recombi- 
nant 3i2 antigen of A/. leprae was prepared using the 
molecular biologic tools and the recombinant DNA ex- 
pression technology. 

Screening of the Af- U^ae expression library was 
performed by the plaque hybridization technique* Nu* 
cleotide sequences were determined by dideoxy termina"' 
tion method using A. L. F, florescent auto DNA se- 
quencer. pMALc-RI was used as an expression vector, 
The antibody titer of anti-recoinbinant M, Upraa o2 
antigen in kprosy was examined by enzyme-linked im- 
munosorbent assay (ELI5A). 

The results arc i (1 ) By screening 10 000 plaqtjcs of 
Af . Uprae genomic library, two clones of o2 gene could 
be obtained. One of the two clones carrying the a2 gene 
was selected and digested by appropriate restriction en- 
zymes, then were cbned into pUCl8 or 19 sequencing 
vector. Determination of DNA sequence was performed 
by dideoxy termination tnethod using A- L, F, [lores- 
cent auto DNA sequencer. The complete nucleotide se- 
quence date of a2 antigen gene was assigned in the GS- 



DB, DDBJ* EN^IBL and NCBI nucleotide sequence 
databases with the following accession number 04 3841, 
(2) 200ml of LB medium were inoculated with over 
night culture of Coii earring plusmid DNA which 
can express MBP-M. leprae a antigen fusion protein. 
Cells were grown to mid log phase and the expression of 
MBP-iVr. leprae Q antigen fusion protein in the sonic 
extracts was absorbed to amylose resin followed by elu- 
tion with lOmmoI/L maltose. More than lOmg of fu- 
sion protein were obtained from the 200ml of culture. 
< 3) The sensitivity of a2- ELlSA and PGM-ELISA de- 
termined on the sera of L leprosy was 92?^ and 94 » 
respectively- The corresponding results for B and T lep- 
rosy patients were 585^ and 685^, 38 and Z0% » re- 
spectively. 

Although M, Uprae was the first identified bacteri- 
al pathogen of man , basically biochemical > immunologi- 
cal diagnostic and therapeutic mvestigations have been 
severely limited because it remains one of the few hu- 
man pathogens that have not been cultured in vitro. 
The construction of M, leprae recombinant DNA ge- 
nomic library could provide a souxce of gene encoding 
proteins relevant for such studies > and the molecular 
clonings expression of M- leprae DNA In a suitable host 
vector system offers a new way of obtaining large 
amount of well-characteriaed anrigens. The results of 
this study suggested that the recombinant ct2 antigen 
couU be used as a new specific antigen for sero-diagno- 
sis of leprosy » especially the lepromatous leprosy. 
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The relationship between expressions of N-myc and c-myc 
oncogenes in neuroblastoma: an in situ hybridization and 
immunocytochemical study. 

Zhe X, Chen J, Liu T, Zhang L, Li P, Wang D. 

Department of Pathology, Peking Union Medical College Hospital, National 
Laboratory of Medical Molecular Biology, CAMS & PUMC, Beijing 
100730. 

N-myc gene amplification is the most characteristic feature of 
neuroblastoma, c-myc oncogene, another member of myc gene family, plays 
an important role in cell proliferation and differentiation. Both of them may 
contribute to tumorigenesis of neuroblastoma. In this study we use the in 
situ hybridization and immunocytochemical methods to test the frequencies 
of N-myc and c-myc expressions in 20 cases of human neuroblastoma at 
mRNA and protein levels. The positive rates of the expression of N-myc are 
90% and 100% detected by in situ hybridization and immunocytochemical 
methods respectively. The positive rates of c-myc are 80% and 85% 
respectively. Sixty percent of the 20 specimens tested by in situ 
hybridization and 55% by inununocytochemistry show an inverse 
relationship between the expressions of these two oncogenes and this may 
indicate that there are different gene expression controlling mechanisms in 
different cases. 
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